(19) 



J 



^atWJTai 



Europaisches PaSWTamt 
European Patent Office 
Office europeen des brevets 



BEST /""MLABLF COPY 
ifti 




(12) 



(11) EP 0 905 236 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

31.03.1999 Bulletin 1999/13 

(21) Application number: 98116853.7 

(22) Date of filing: 29.10.1993 



(51) intci.6; C12N 15/12, C12N 15/62, 
C12N 15/67, C12N 15/85, 
C07K 14/47, C07K 16/18, 
C12Q 1/02, C12Q 1/68, 
G01N 33/577, A61K 31/70, 
A61K 38/17 



(84) Designated Contracting States: 

AT BE CH DE DK ES FR GB GR IE IT LI LU MC NL 
PT SE 

(30) Priority: 29.10.1992 GB 9222715 
05.08.1993 GB 9316206 

(62) Document number(s) of the earlier application(s) in 
accordance with Art. 76 EPC: 
93923642.8 / 0 669 976 

(71) Applicant: MEDICAL RESEARCH COUNCIL 
London W1N4AL (GB) 



(72) Inventor: La Thangue, Nicholas Borne, 
MRC natlneL Med. Res 
Mill Hill, London, NW7 1AA (GB) 

(74) Representative: Brasnett, Adrian Hugh et al 
Mewburn Ellis 
York House 
23 Kingsway 
London WC2B 6HP (GB) 

Remarks: 

This application was filed on 07.09. 1 998 as a 
divisional application to the application mentioned 
under INID code 62. 



(54) Transcription factor DP-1 

(57) The invention provides a polynucleotide in sub- 
stantially isolated form which comprises a contiguous 
sequence of nucleotides which is capable of selectively 
hybridizing to Seq. ID No. 1 or to be complement of Seg. 
ID No. 1 , and a polypeptide in substantially isolated form 
which comprises: (a) the protein of Seq. ID No. 2; or (b) 



an allelic variant or species homologue thereof; or c) a 
protein at least 70% homologous to (a); or (d) a fragment 
of any one of (a) to (c) capable of forming a complex 
with the E2F-1 protein or related family member; or e) 
a fragment of any one of (a) to (c) of at least 1 5 amono 
acids. 
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2 J!' 5 inV . en,i ? n felateS 10 3 nOVe ' inscription factor, to its production and uses 

wwefy be.ieved tha, the celi fr^scr^oMacS DKnwZr, ^1 « 189 - 190 ' 1991 > " is 

because it associates with important cenSSeSSL^iS^T 1* ^ Component in ce » ^cle control 

» P107. cyclins and cyc.in-dependent a^^eZZl I ,' * * e fetinob,astoma 9ene product (pRb), 

oncoproteins, such as adenovirus^ Ela TSSo ^ITan^^TT'^ *** * m ° dU ' a,ed » certai " vial 
[0003] „ is believed that the transcLSnTactorDRTF /pop ? ^ Papi " 0ma VifUS E7 pro,ein 

wfth the transcript™ apparatus brrSSi S an "* ^S^" 9 Ce " Cyc,e even,s 

periodic interactions wit motecules^afar Zwn J b^^T "! mammalian ce,,s - ■ "ndergoes a series of 

» the retinoblastoma tumour suppresUr gene S^tXTZS? T *T °' ° Mf P rolifera,i °n exampte, 
phase and is .requent.y modifS in tumour tS^S^55 , S^T l,, S 'T^™ *° m ° 1 int ° S 
predomhantly in an S phase complex with DRTF1/E2F Z^a^Toy^ <>"*™ P'°? 

DRTF1/E2F, which is likely to be fundamental ,m^„7? P . p1 ° 7 repress the transcriptional activity of 
binding sites (the E2F site c*cu7in tnfcon^ 1 ^ , regu.atmg cetlular pro.iferation because DRTF1/E2F 

- as c-myc and p34^ ^SSZ re J" ^ *" - Med Wi,h Potion, such 
DRTF1/E2F, and hence are ^ e to intend m"" iS ° ,a,ed ^ Ce " S ' l ° bi " d to 
feature of DRTF1/E2F is that certain viZ ZtZ^ s,,e ^ e Pendent transcnptional activation. Another important 

papi.toma virus E7, mcJulaS inX^^S^p^ D ^r ^ SV4 ° ^ T ^ and hu ™ 
requires regions in these viral proteins that "n^ 9 , ™T . P m ,he ' naC,iVe ,ransc ription factor. This effect 

- come growth controt. Thus, .he at;^ 

over-nde the normal mechanisms of cellular growth control and ccnvl^^ V the mea " S by whteh ,hev 

the basis of pRb-mediated negative growth control ' COnVerSel * «™«nptanal repression by pRb may be 

Sven^ 

the DRTF1/E2F complex. CycJn A s neceTs^rv ZTltT ,k CdC f: e,a1ed independent kinase p3 3 e<*2 in 
mediated through i/abi.ity ,o ^^^^S^^^^S *? T ^ 
suggest that DRTF1/E2F is a transcription factor who** nrim^,^!, » . DRTF1/E 2F- Taken together these data 
apparatus via molecules such a pRb X cy Ts Z cZt tZZZ ^ t0 *• ,ra nscriptk>n 

integrated with cell cycle progression ' enSUnn9 that 9ene session is synchronised and 

SS ^»^^^* 0 "JS~ E2F - — — ana sequenced 

2. The sequence of the cDNA ending J^S^SZS^ ST ST," T** ^ " ^ '° N °' 
byusasDP-l .\A^ilenotwishinqtobebound hv«nuXr^rr ' , 7u q ° 1 " Tne new protien is referred to 
et a, and Kealin et a. may dime^se w!,h OP t LTda-e S23?S ^""^ ' ha ' ^ C,0ned by He,i " 
and the protein of Helin et al (referred to as E2F nfo™ « ™tv ,t ? e accom Pany.ng examples shows that DP-1 
[0007] It has a.so been found that E2F " ^^^SZS^"^ ? ^ re9U,aU ° n °' tfanscri P«^- 
this famify are beiieved to interact with DP-1 ZiajST^^^ Mamb - - 

Brief description of the drawing s 

S r i9Ure I S . OWS reSUUS °' a " ini,y P" rific alion of the DP-i protein from F9 EC cells 

S3 fZ: i T ws Dp - 1 is a dna bindins p ° ,ype P t,da - ,ne «f comp r 

In™ ?l 9 5 sec ' uence s P ecifj c DNA binding of DP-1 

1001 1] Figure 4 shows a comparison of DP-1 and E2F-1 
[0012] Figure 5 summarises the constructs used and nc.,n E ^ 

site dependent transcription in vivo. te ' n ° d ex P e "ments showing DP-1 activates E2F 

E p i9 ° re t "I! 0 * 8 ,h3t DFM and E2F " 1 6Xist in ,ho sam e Protein complex in vivo 

W3 »'»tra^wr^^-n^ 
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[0018] Figure 11 shows DP-1 and E2F-1 activate E2F site-dependent transcription in yeast cells. 
[0019] The present invention thus provides a polynucleotide in substantially isolated form which comprises a con- 
tiguous sequence of nucleotides which is capable of selectively hybridizing to Seq. ID. No 1 or to the complement of 
Seq. ID No. 1. A polynucleotide of the invention includes a DNA of Seq. ID No. 1, and fragments thereof capable of 
s selectively hybridizing to Seq. ID No. 1 . A further embodiment of the invention provides a DNA coding for the protein 
of Seq. ID No. 2 or a fragment thereof. 

[0020] The polynucleotide may also comprise RNA. It may also be a polynucleotide which includes within it synthetic 
or modified nucleotides. A number of different types of modification to oligonucleotides are known in the art. These 
include methylphosphonate and phosphorothioate backbones, addition of acridine or polylysine chains at the 3* and/ 

io or 5' ends of the molecule. For the purposes of the present invention, it is to be understood that the oligonucleotides 
described herein may be modified by any method available in the art. Such modifications may be carried out in order 
to enhance the jn vivo activity or lifespan of oligonucleotides of the invention used in methods of therapy. 
[0021] A polynucleotide capable of selectively hybridizing to the DNA of Seq. ID No. 1 will be generally at least 70%, 
preferably at least 80 or 90% and more preferably at least 95% homologous to the DNA of Seq. ID No. 1 over a region 

is of at least 20, preferably at least 30, for instance at least 40, 60 or 100 or more contiguous nucleotides. Such a poly- 
nucleotide, will be relerred to below as a polynucleotide according to the invention. 

[0022] A polynucleotide of the invention will be in substantially isolated form it it is in a form in which it is free of other 
polynucleotides with which it may be associated in the natural environment of the body. It will be understood that the 
polynucleotide may be mixed with carriers or diluents which will not interfere with the intended purpose of the polynu- 

20 cleotide and still be regarded as substantially isolated. 

[0023] A polynucleotide according to the invention may be used to produce a primer, e.g. a PCR primer, a probe e. 
g. labelled with a revealing label by conventional means using radioactive or nonradioactive labels, or the polynucleotide 
may be cloned into a vector. Such primers, probes and other fragments of the DNA of Seq. ID No. 1 will be at least 
15, preferably at least 20, for example at least 25, 30 or 40 nucleotides in length, and are also encompassed by the 

25 term "a polynucleotide according to the invention" as used herein. 

[0024] A polynucleotide such as a DNA polynucleotide according to the invention may be produced recombinant^, 
synthetically, or by any means available to those of skill in the art. It may be also cloned by reference to the techniques 
disclosed herein. 

[0025] The invention further provides a double stranded polynucleotide comprising a polynucleotide according to the 

30 invention and its complement. 

[0026] A further embodiment of the invention provides vectors for the replication and expression of a polynucleotide, 
in particular a DNA or RNA polynucleotide, according to the invention. The vectors may be, for example, plasmid, virus 
or phage vectors provided with an origin of replication, optionally a promoter for the expression of the said polynucleotide 
and optionally a regulator of the promoter. The vector may contain one or more selectable marker genes, for example 

35 an ampicillin resistance gene in the case of a bacterial plasmid or a neomycin resistance gene for a mammalian vector. 
The vector may be used in vitro , for example for the production of RNA or used to transfect or transform a host cell. 
The vector may also be adapted to be used in vivo, for example in a method of gene therapy. 
[0027] A further embodiment of the invention provides host cells transformed or transfected with the vectors for the 
replication and expression of a polynucleotide according to the invention, including the DNA Seq. ID No. 1 or the open 

40 reading frame thereof. The cells will be chosen to be compatible with the vector and may for example be bacterial, 
yeast, insect or mammalian. 

[0028] A polynucleotide according to the invention may also be inserted into the vectors described above in an 
antisense orientation on order to provide for the production of antisense RNA. Anlisense RNA or other antisense 
polynucleotides may also be produced by synthetic means. Such antisense polynucleotides may be used in a method 

45 of controlling the levels of the protein of Seq. ID No. 2 in a cell. Such a method will include the step of introducing into 
the cell the antisense polynucleotide in an amount effective to inhibit or reduce the level of translation of the DP-1 
mRNA into protein. The cell may be a cell which is proliferating in an uncontrolled manner such as a tumour cell. 
[0029] The invention lurther provides a protein of Seq. ID. No. 2, homologues thereof, and fragments of the sequence 
and its homologues, which is capable of functioning as a mammalian transcription factor. In particular, the invention 

so provides a polypeptide in substantially isolated form which comprises: 



(a) the protein of Seq. ID No. 2; or 

(b) an allelic variant or species homologue thereof; or 

(c) a protein at least 70% homologous to (a); or 

(d) a fragment of any one of (a) to (c) capable of forming a complex with the E2F-1 protein or related family member; 
or 

(e) a fragment of any one of (a) to (c) of at least 15 amino acids. 
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S A nil X f ,T ef ' n, " 0n r6,erred 10 b6,OW aS 3 P°'yP^'«e according ,o the invention 

[0031] A polypept.de of the .nvenhon will be in substantially isolated form if it is in a form in which it is free of other 
po ypephdes w,th which it may be associated in the natural environment of the body .t will bTunde stoS that the 

otide and still be regarded as substantially isolated. poiynucie 
[0032] A polypeptide of the invention may also be in a substantially purified form, in which case it will oenerallv 
comprise the polypeptide in a preparation in which more than 90%. eg. 95%. 98% or 99% of th ^ pofvpTptideTn The 
preparation is a polypeptide of the invention. me polypeptide in the 

L?°h 3 ?L k " ?? K Variant °' 3 po| yP e P Ude of ,he inve "«™ w"' be a variant which will occur naturally in a murine animal 
and which will function to regulate gene expression in a substantia.* similar manner to the proll ofseq "d Nol 
Snarly, a species homologue of the protein will be the equivalent protein which occurs naturally in another species 

an.mals. Wrthn anyone spec.es, a homologue may exist as several allelic variants and these will a^l be consWered 
homologues of the Seq. ID No. 2 protein. Allelic variants and species homologues can be ^1 bv LZin? the 

sTa^s, r ribed h r h ,or me produc,ion of ,he pro,ein ° f se * id n °- pe^Ts»£X^ 9 ™i 

suitable eel source, eg from a rodent carrying an allelic variant or another species Since the proteS ^Dea^to be 
rSTr omeTc^r 2 T '° ™ 3 <* ^invention to 

rodent or other cells in order to obta.n clones encoding the allelic or species variants. The clones can be martbutated 
by conventual techniques to identify a pofypeptide of the invention which can then be produced bj nZZSSZ S 
synthenc techn.ques Known per se. Preferred species homologues include mammalian o'r amebian JSSS^ 

[0034] A protein at least 70% homologous to the Seq. ID No. 2 will be preferably at least 80 or 90°/ and nw* 

ET EE* ^ 95 5 ir 01090 " 8 10 ,he Pf0,ein °' Sed 10 No 2 over a «*» - - l2-S Pref eXaneasT^ 
for instance at least 40, 60 or 100 or more contiguous amino acids. Methods of measuring protL h^loql are wSi 

onZ £2T T * UnderS,00d by ,h ° Se 01 Ski " " ,he art ,hat in 1,16 present conferZ^s^uJeu 

on the bas.s of am.no acd .dentity (sometimes referred to as "hard homology-) ca.cu.atea 

Slex wTS p ra9 7 n,S f 0< '° N ° 2 ° f rtS a,,e,iC Varian,S ° r S P ecies homotogues thereof capable of forming 
60 ^engfh 1 Pr0te ' n "* * « *~ « laaS « * « 30. 40. 50 o" 

KF 3 ?orlt' l 3 b Hrf b,e ,0 deten,nine Whe,h6r ,fa9men,S <0rrn 3 COm P' eX ,he E2F " 1 ^ providing the 

E2F-1 protein and the fragment under conditions in which the E2F-1 protein and DP-1 normally form a Uans-act.Cat no 
transcr.pt.on factor, and determining whether or not a compiex has formed. The determination r£ be made Z or 
example, measunng the ability of the complex to bind an E2F binding site in vitro or alternalT dete^nino Z 
molecular weight of the putative complex by methods such as SDS-PAGE a.ternat.vely . determ.n.ng the 

Si f a ^ ,erred K a9m T t ntS inC ' Ude thOSe " hich are Capab,e of formin 9 a translation complex with E2F-1 or its 
relatedfam^ 

wlh meFPr/ ,0 aSS6SS Whe,her °- ot a P°'VPeP«ide is capable of forming a ,ranT-ac ivation corS 

Th , !,! k Pr0,e ' n F ° f eXample ' ,hS ' ragment °* n be added to E2F " 1 * 'he presence of a reporter qenTconTS 
adapted to be activated by the DP-1/E2F-1 complex, as described in Figure 10 Such an extent w.Tdet^Tne 
whether the polypeptide fragment has the necessary activity. expenment will determ.ne 

!2?f . 8 L- po 1 Vpep * ide of ,he invention may be labelled with a revealing label. The revealing-label may be anv suitable 
label wh,ch allows the polypeptide to be detected. Suitable labels include radioisotopes, e.g 5 * ^£ s 
and hnkers such as b.o.in. Labelled polypeptides of the invention may be used in diagnostic procedures • iS £ ™ 
munoassays in order to determine the amount of DP1 protein in a sample procedures such as im- 

Kno^a^ml^^ 

Krand^ Zl^Z^ZTTTT^ 0160 ^ enCOdi " 9 ^P'^ <>f the invention, forexamp.e dou- 
ble stranded DNA polynucleotKles. Such polynucleotides can be incorporated inlo a recombinant reolicable vector 

wNc^^T, b ^ used, r p,ica,e,heDNA • pre,erab ^ lhe ^^ 

IZZl n^Tfr Components described afe * relationship permitting them to function in their 

of thfSZr 6 SeqUenCS ■° Perab ' y Hnked ' 10 3 Codin 9 sec > uence fe "9^ ir « ^ch a way that expression 

of the cod.ng sequence « ach.eved under condition compatible with the contfof sequences Such veLrs n4v be 

^Th U ' s n Tn a a rul a e b ::s h o ost , c ,h ,, " t** *** * ** express,on °' a p^^^s^ 

whfc h \Z nr : h f P ,nVen1, ° n PfOVideS 3 pr0CeSS ,or P re P a «"9 a polypeptide according to the invention 

condiio^Tn ^'"y 3 "" 0 a ^ ce« transformed or transfected with an expression vector as described above undT 

SSS Xrptr eXPfeSSK5n ^ VeC, ° r °' 3 SeqUenCB 6nCOd ^ ,ha POfVP***. and recovering 
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[0042] The invention also provides monoclonal or polyclonal antibodies to a polypeptide according to the invention. 
The invent ion further provides a process for the production of monoclonal or polyclonal antibodies to the protein of 
Seq. ID No. 2 or to a polypeptide of the invention. Monoclonal antibodies may be prepared by conventional hybridoma 
technology using the proteins or peptide fragments thereof, as an immunogen. Polyclonal antibodies may also be 
s prepared by conventional means which comprise inoculating a host animal, for example a rat or a rabbit, with a peptide 
of the invention and recovering immune serum. 

[0043] Fragments of monoclonal antibodies according to the invention which retain their antigen binding activity, 
such Fv, F(ab') and p(ab 2 )' fragments form a further aspect of the invention. In addition, monoclonal antibodies accord- 
ing to the invention may be analyzed (eg. by DNA sequence analysis of the genes expressing such antibodies) and 
10 humanized antibody with complementarity determining regions of an antibody according to the invention may be made, 
for example in accordance with the methods disclosed in EP-A-0239400 (Winter). 

[0044] The present invention also provides compositions comprising a polypeptide of the invention together with a 
carrier or diluent. Such compositions include pharmaceutical compositions in which case the carrier or diluent will be 
pharmaceutical ly acceptable. 

i$ [0045] The present invention further provides compositions comprising an antibody or fragment thereof of the inven- 
tion together with a carrier or diluent. Such compositions include pharmaceutical compositions in which case the carrier 
or diluent will be pharmaceutical^ acceptable. 

[0046] Pharmaceutically acceptable carriers or diluents include those used in formulations suitable for oral, rectal, 
nasal, topical (including buccal and sublingual), vaginal or parenteral (including subcutaneous, intramuscular, intrave- 

20 nous, intradermal, intrathecal and epidural) administration. The formulations may conveniently be presented in unit 
dosage form and may be prepared by any of the methods well known in the art of-pharmacy. Such methods include 
the step of bringing into association the active ingredient with the carrier which constitutes one or more accessory 
ingredients. In general the formulations are prepared by uniformly and intimately bringing into association the active 
ingredient with liquid carriers or finely divided solid carriers or both, and then, if necessary, shaping the product. 

2S [0047] For example, formulations suitable for parenteral administration include aqueous and non-aqueous sterile 
injection solutions which may contain anti-oxidants, buffers, bacteriostats and solutes which render the formulation 
isotonic with the blood of the intended recipient; and aqueous and non-aqueous sterile suspensions which may include 
suspending agents and thickening agents, and liposomes or other microparticulate systems which are designed to 
target the polypeptide to blood components or one or more organs. 

30 [0048] Peptides according to the invention, antibodies or fragments thereof to peptides according to the invention 
and the above-mentioned compositions may be used for the treatment, regulation or diagnosis of conditions, including 
proliferative diseases, in a mammal including man. Such conditions include those associated with abnormal (eg at an 
unusually high or low level) and/or aberrant (eg due to a mutation in the gene sequence) expression of one or more 
transcription factors such as the E2F factor cloned by Helin et a] or the protein of Seq. ID No. 2 or the E2F-1 protein 

35 or related family members. The conditions also include those which are brought about by abnormal expression of a 
gene whose gene product is regulated by the protein of Seq. ID No. 2. Treatment or regulation of conditions with the 
above-mentioned peptides, antibodies, fragments thereof and compositions will usually involve administering to a re- 
cipient in need of such treatment an effective amount of a polypeptide, antibody, fragment thereof or composition. 
[0049] One group of preferred polypeptides according to the invention are those which are based upon the region 

40 of amino acids 160-220 of Seq. ID No. 2. This region of the protein has a homology of about 40% to a similar region 
of the E2F-1 protein described by Helin etal (ibid) and both regions are putative alpha-helical regions. While not wishing 
to be bound by any one particular theory, we believe that the heterodimerisation of E2F and the protein according to 
the invention is mediated through these homologous regions. Accordingly, a preferred embodiment of the invention is 
to polypeptides of the invention based upon this region, and pharmaceutical compositions containing such polypep- 

45 tides, for use in a method of inhibiting the activation of transcription factors via the disruption of the formation of the 
E2F-1-Seq. ID. No. 2 protein complex. 

[0050] The invention also provides antibodies, and fragments thereof, targeted to this region of Seq. ID No. 2 in order 
to achieve the above described effect. 

[0051] The present invention further provides an immunoassay for detecting the presence or absence of a polypep- 
50 tide of the invention in a sample which comprises: 



(a) providing an antibody according to the invention; 

(b) incubating the sample with said antibody under conditions that allow lor the formation of an antibody -antigen 
complex; and 

(c) detecting said antibody-antigen complex. 

[0052] In another aspect, the invention provides a novel assay for identifying putative chemotherapeutic agents for 
the treatment of proliferative or viral disease which comprises bringing into contact E2F-1 protein or a derivative thereof 
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10 



40 



45 



SO 



a polypept.de of the invention and a putative chemotherapeutic agent, and measuring the degree of inhibition of for- 
mation of the E2F-1-Seq. ID. No. 2 protein complex caused by the agent. !t may not be necessary to use complete 
EZF-1 and/or Seq. ID. No. 2 protein in the assay, as long as sufficient of each protein is provided such that under the 
conditions of the assay in the absence of agent, they form a heterodimer. Thus, the invention provides a screening 
method for identifying putative chemotherapeutic agents for the treatment of proliferative disease which comprises 
(A) bringing into contact: K 



(i) a polypeptide according to the invention, 
(ii) 



(a) the E2F-1 protein, or 

(b) an allelic variant or species homologue thereof, or 

(c) an E2F-1 family member having at least 70% homology over the DNA binding region or 

fra o gment of (a) ' < b > or < c > ca P ab,e of forr ™9 a functional trans-activation complex with the protein of Seq. 
,d ID No. 2; or 

(e) a lusion protein comprising (a), (t>), (c), or (d); and 

(iii) a putative chemotherapeutic agent; 
^ under conditions in which the components (i) and (ii) in the absence of (iii) form a complex, and 

(B) measuring the extent to which component (iii) is able to disrupt said complex. In the assay, any one or more of the 
hree components may be labelled, eg with a radioactive or colorimetric label, to allow measurement of the result of 
the assay. Putative chemotherapeutic agents include peptides of the invention 

[0053] Variants, homologues and fragments of E2F-1 protein are defined in a corresponding manner to the variants 

?5 homologues and fragments of the DP-1 protein. 

[0054] The complex of (i) and (ii) may be measured, for example, by its ability to bind an E2F DNA binding site in 
vitro. Alternately, the assay may be an in vivo assay in which the ability of the comples to aclivate a promoter com- 
posing an E2F binding site linked to a reporter gene is measured. The in vivo assay may be performed for example 

, n r^fif exam P' es ""I** show such an assay in yeast, insect, amphibian or mammalian cells 

[0055] Candidate therapeutic agents which may be measured by the assay include fragments of 1 0 or more amino 
acids of 

(a) the protein of Seq. ID No. 2 

(b) an allelic variant or species homologue thereof; or 
3s (c) a protein at least 70% homologous to (a). 

[0056] Vectorscarnyingapolynucleotideaccordingtotheinventionoranucleicacidencodingapolypeptideaccordinq 

™ml»,r T 7*, bS USed / n 3 me,h0d °' 96ne * eraw Such gene ,hera PV ma V be used «° «»* uncontrolled 
profit e rafion of ceHs. for example a tumour cell. Methods of gene therapy include delivering to a cell in a patient in need 
of treatment an effective amount of a vector capable of expressing in the cell either an antisense polynucleotide of the 

hkTk'". 0 J™ M ° f rCdUC8 the translati0 " °< DP-1 mRNA into DP-1 protein or a polypeptide which interfers 
with the binding of DP-1 to E2F-1 or a related family member. ^ 

[0057] The vector is suitably a viral vector. The viral vector may be any suitable vector available in the art for targeting 
tumour cells For example, Huber et al (Proc. Natl. Acac. Sci. USA (1991) 88. 8039) report the use of amphotrophic 
retroviruses for the transformation of hepatoma, breast, colon or skin cells. Culver et al (Science (1 992) 256- 1550-1552) 

7 SSt^tST °l TT? V ,?K!° rS in virus ^ frectedenz y me P^"9 therapy, as do Ramet a. (clrTcer Research 
(1993) 53. 83-88). Englehardt et al (Nature Genetics (1993) 4; 27-34 describe the use ot adenovirus based vectors in 
tne delivery of the cystic fibrosis transmembrane conductance product (CFTR) into cells 

[0058] It has also been found that the protein of Seq. ID No. 2 is distributed in the cell in both the cytoplasm and the 
nude.. In order for a protein to be transported from the cytoplasm to the nuclei, it is usual for processing of the protein 
to occur, for example by phosphorylation or proteolytic clipping. Compounds which inhibit phosphorylation are known 
! ! Compounds which inhibit proteolytic dipping may include peptides of the invention which act as antagonists 
to .nhibrl enzymes responsible for clipping. Thus, in a further aspect, the present invention provides a compoundWh 
inhibits phosphorylation or proteolytic clipping for use in a method of inhibiting transport of the protein of Seq ID No 
55 2 from the cytoptesm to the nucleus of a cell. 

[0059] The following examples describe the isolation and characterization ot the novel protein and DNA of the in- 
vention from a murine source. However, other sources, e.g. human or other mammalian are wilhin the scope of the 
present invention and the human or other mammalian homologues of the protein may be isolated in an analogous 
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manner. 



EXAMPLES 
5 Section A 

Affinity purification of DRTF1/E2F from F9 EC cells 

[0060] Polypeptides in affinity purified DRTF1/E2F (approximately 5u,g from about 5x1 0 10 F9 EC cells) were sepa- 
10 rated by SDS gel electrophoresis and stained with coomassie blue as shown in Figure 1 (track 2); track 1 shows the 
molecular weight standards. DNA binding polypeptides in affinity purified DRTF1/E2F were assayed by cross-linking 
to the adenovirus E2A promoter distal E2A site (binding site details indicated in the figure) either in the absence (track 
4) or presence of competing wild-type (track 5) or mutant (track 6) E2F binding sites; molecular weight standards are 
shown in track 3. The p46 polypeptide is indicated; the upper bracket shows another group of polypeptides which also 
J5 specifically bind to the E2F site of approximate molecular weight 55,000. 

Methods: DRTF1/E2F was affinity purified from whole cell extracts prepared from F9 EC cells as described by Shivji 
and La Thangue (1991) Mol. Cell. Biol. 11, 1686-1695 using affinity matrices containing the wildtype E2F site taken 
from the adenovirus E2A promoter (-71 to -50) with inclusion of an additional step that involved application of the 
binding activity to a matrix containing a mutant E2F binding site (mutated in nucleotides -62 to -60). On average about 
20 S.Oug of protein were purified from a whole cell extract prepared from about 10 10 F9 EC cells. UV-crosslinking of 
DRTF1/E2F to the E2F site was performed using about 50ng of affinity purified protein. Competition was performed 
with about 100-fold molar excess of either the wildtype (-71 to -50) or mutant (mutated in nucleotides -62 to -60) 
oligonucleotides. 

25 Nucleotide sequence of a cDNA encoding murine DP-1 

[0061] Affinity purified DRTF1 was precipitated with TCA, electrophoresed through an SDS polyacrylamide gel and 
• p46 was electroeluted; the purity of p46 was confirmed by electrophoresis and silver staining a small sample of the 
eluted material. p46 was digested with a lysylendopeptidase, and peptides purified by high performance liquid chro- 
30 matography using Aquapore AX-300 and RP-300 in series in 0.1% TFA with a 1%/min acetonitrile gradient. Peak 
fractions were sequenced by automated Edman degradation in a 477A/120A gas-liquid pulse sequencer (Applied 
Biosystems Inc.). 

[0062] A set of degenerate oligonucleotide primers were synthesised on the basis of the amino acid sequence in 
peptides 6 (75 to 91 ) and 5 (235 to 249) as follows: the C-terminal regions of peptide 6 (PNTHFV), 5* CGCGG ATCCCC 

35 (ACGT)AA(CT)AC(ACGT)CA(CT)TT(CT)GT 3' and peptide 5 (AQESQN), antisense strand 5*CGCGGATCCA(AG) 
(AG)TT(CT)TG(ACGT)(CO)(AT)-(CT)TC(CT)TG(ACGT)GC 3'; both oligonucleotides included a linker sequence at the 
5'end. Peptide 5 antisense oligonucleotide was used to synthesise cDNA from F9 EC cell RNA which was then used 
in a PCR with both peptide 6 and 5 primers. Products were subcloned, sequenced and cDNAs derived from DP-1 RNA 
-identified by the presence of peptides 21 and 3, two further peptides obtained by microsequencing peptides derived 

40 from p46, which are located between peptides 6 and 5. This cDNA fragment was used to screen several murine cDNA 
libraries. DP-1 cDNA clones were frequently rearranged and the final nucleotide sequence shown in the figure was 
obtained from cDNAs isolated from an F9 EC cell library. 

DP-1 is a DNA binding polypeptide in DRTF1/E2F and associates with pRb in vivo . 



[0063] Peptide 15 (representing DP-1 amino acid residue 235 to 249) and peptide A (representing DP-1 amino acid 
residue 3 to 1 5) were coupled to KLH and used to immunise rabbits. The generation of antibodies and immunoblotting 
were performed by standard procedures. In gel retardation assays aboul 5.0ng of affinity purified DRTF1/E2F or about 
5.0u.g of F9 EC crude cell extract were assayed with either the wildtype E2A promoter (-96 to 68) or an oligonucleotide 
so containing E2A promoter sequences -71 to -50 in the presence of about 100-fold molar excess of -62A60 (E2A se- 
quences -71 to -50 mutated in positions -62,-61 and -60 (ref.23). Anti-peptide A or preimmune sera were added during 
the preincubation period. Immunoprecipitation of pRb from JM whole cell extracts was performed by standard proce- 
dures. The presence of pRb in IF8 immunoprecipitates was confirmed by immunoblotting. The results are shown in 
Figure 2 as follows: 



a) DP-1 is present in affinity pure DRTF1/E2F: immunoblot with affinity purified DRTF1/E2F and anti-peptide 15 
(amino acid residues 235 to 249). Reactivity with p46 and p55 was only present in the immune (I. track 2) but not 
preimmune (PI. track 3) serum. This was specific because it was competitively inhibited by peptide 15 but not an 
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unrated pept.de pept.de 1 (compare tracks 6 and 5). p46 is likely to be a derivative of P 55 (indicated in track 3) 
because an..- P ept.de A (see below, derived from the N-termina. region of DP-1 )only detected p55 (data not sSlV 
Mo.ecu.arwe.ght standards are shown in track 1. and the • indicates a non-specL reSon > 

DrTfve^^ 

(track 2) anti-peptide A together wlh either unrelated peptide 1 (tracks 4 and 6) or peptide 1 5 ftrark <vv Th» c ™ 
Crficrty of the binding reaction was confirmed by including 100-foW mo,ar excels of ESJJ^^S 
Pr ° m0,er 71 to - 50 > in ,he reac »™ (■»* 6); al. other reactions contained 100-fo.d excess of, he muSsile 

«zm ^:zi F ^uZ A ^ 9 co : p,ex in F9 ec ceH ex,racts: « ei re,arda,i - — - F9 ec 

Z2 /f^S^m Fr f esolvesa s«>rn P ,exesa.bandc)withanE2Fbinding S ite(E2Ap,ornoter 
?S su^hif 2. } ,h f !Pf esence 01 e,,her P^eimmune (track 2) or immune (track 3) anti-peptide A serum 
9 and 10) ^ V * nC,Udin9 PSP,ide A in ,he bindi " 9 reaClion < com ? a ' e duplicate tracks 7 and eTo 



»* 9 and 10). 



T T PR» jnvjvo: an immunoprecipitatton was perlormed from JM cell extracts with either the 

^ ~T 0Ctona ' am ° b0dy ,F8 ° f 3 COn,r °' ™ noctona ' antibody A7. The immunoprecipitates were trea 2 
w..h .0% deoxycho.ate (DOC) and the de,ergen,-re.eased materia, assayed for DmSSTS^ a £T£ 
tarda.,on as descnbed above. DRTF1/E2F binding activity was on.y detecied in the anti-pRb immunJp?eciptetes 

antfoen L A C r P " ' f * * a) ^ ^^t-nMeMed DRTF1/E2F was further assayed for rSSZS 
anU-pep,,de A. Una .mmune bu, no, the preimmune serum produced a super shift (compare tracks 6 ,o 7; Mealed 

DP-1 is a seouan ce specific DNA binding protein 

F^L^T™? T DP ", 1 CDNA Wefe amP ' ified 3 PCR and sub <=l°ned info pGEX-2T (14). GST-DP-1 84-204 and 
?^o1,?A f T. l PUnf ' ed °" 9 ,u,athio " e -Sepharose as previously described by Bandara e, a. (1991) Nature 

S ^ re,arda,,0n WaS Pert ° rmed 35 deSCribed above wilh ^ t«« E2A promoter oTan o igonudeo^de 
contaning E2A sequences from -82 to -50; the mutant binding si,e had nucleotides -62 ^51 and eo Sed UV 
crossl.nk.ng was performed with about 5.0 P g of GST fusion protein. 

a) The GST fusion protein described in the cartoon, GST-DP- 184-204 whjch conta j n «. n p 1 «,~. 

E2A promoter sequence -82 ,o -50 (track 5) or the same containing a mulan, E2F site track 8) T(^oTgST 
pSZ P GST " Cdk2 (ab ° Ut 1 ° P9) - had n ° bindi " 9 -»* < ,raCkS 3 6 and 9 >: «-cL 1 4 and 7 cimaifnl 

c) Crosslinking DP-1 to DNA: affinity purified GST-DP-184-204 (track 4) or GST<dk2 (track 3) was 

bv Jds ^ T S ? q T CeS " 82 ,0 50 0ndiCated 81 ^ °* Uacks >- me < cross.inkin 9 ( po.ypeptTdes w^re r^ed 
?,Sff e ! < * ,r °P h ° reS ' s : crossHnked GST-DP-1 84-204 is D tpe b , ack J£™*n pro^eTn waTadded 

in track 2 and the molecular weight standards are indicated in track 1 . 

d) Binding properties of DP-1 in affinity purified DRTF1/E2F: binding of purified GST-DP-1 84-204 or , he contfo| 
fusron prote.n GST.cdk2 ,o the E2A promoter was assayed either a.one (tracks 5 and 6 about 1 Ouq) orTthe 
affiniw pure DRTF1/E2F DRTF1/E f F (,racks 3 - « about S.Ong); the binding activhy TZ ?12£££Z 
affinity pure DRTF 1/E2F ,s assayed alone in track 2; the E2A promoter is shown in track 1 Note that the bindino 
charac.er,st,csofGST-DP.l84-2^^ 

55 Comparison of PP-1 and E2F-1 

[0065] This is shown in Figure 4 as follows: 
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a) Line diagram of DP-1 and E2F-1 showing the location of the DNA binding domains (amino acid residues 84 to 
204 in DP-1 , and 89 to 191 in E2F-1 ; see ref.24) and a region of significant similarity (amino acid residues 163 to 
236 in DAP-1 . and 162 to 226 in E2F-1). Note that the region of similarity includes sequences outside the DNA 
binding domain. 

5 

b) Alignment of amino acid sequence: comparison of DP-1 (top) and E2F-1 (bottom) sequence in regions of sim- 
ilarity. Bars indicate identical (bold) or similar (light) amino acid residues. 

c) The DP-1 and E2F-1 regions of similarity form an amphipathic a helix. Presentation of DP-1 (right; amino acids 
io 167 to 183) and E2F-1 (left; amino acids 166 to 182) regions of similarity as a helical wheel. 

DP-1 activates E2F site-dependent transcription in vivo. 

[0066] Either 2.0 or 6.0pg of pG4, or 2.8 or 8.8ug of pG-B9 (DP-1 expression vector) were co-transfected with either 
is P 3xWT (5.0ug), p3xMT (5.0u.g) or pCMVcat(0.5u.g) into SAOS-2 cells as indicated in Figure 5 (constructs indicated in a). 
p3xWT and p3xMT reporter constructs contain either three wildtype or three mutant E2F binding sites, taken from the 
adenovirus E2A promoter (-71 to -50, mutated at nucleotides -62,-61 and -60), positioned upstream of the minimal 
herpes simplex virus thymidine kinase promoter, and have been described previously. pCMVcat contains the enhancer 
and promoter region (-301 to +72) taken from the immediate early gene of human cytomegalovirus. pG-B9 contains 
20 DP-1 protein sequence from amino acid residue 63 to 429, and was prepared by replacing the Gal4 DNA binding 
domain in pG4mpolyll with the DP-1 cDNA B9. Transfection into SAOS-2 cells was performed, and CAT activity was 
determined and TLC plates quantitated by phosphorimager. 



Isolation of a cDNA encoding DP-1 



[0067] DRTF1 was purified from F9 EC whole cell extracts using a high stringency procedure that involved sequential 
applications to a DNA binding site affinity matrix containing either a wild-type or mutant binding site, and assaying the 
DNA binding activity by gel retardation (26). The DNA binding site was taken from the adenovirus E2A promoter (-71 
to -51 ), a region that contains a high affinity E2F binding site (23). This procedure routinely purified a group of polypep- 
30 tides (Figure 1, track 2) that were capable of efficiently activating transcription in vitro in a binding site-dependent 
fashion. Several polypeptides in the affinity purified material specifically bound to the wildtype but not to the mutant 
E2F site (Figure 1 , compare tracks 5 to 6). The most abundant polypeptide that specifically bound had an apparent 
molecular weight of about 46kD (Figure 1 , track 2, indicated as p46). Subsequently, p46 was excised, digested with a 
lysylendopeptidase, and the resulting peptides purified and sequenced; the amino acid sequence for ten peptides was 
3$ obtained We predicted the DNA sequences that encode two of the peptides and then used these as oligonucleotide 
primers to amplify a cDN A fragment derived from F9 EC RNA. Several murine cDNA libraries were screened with the 
cloned cDNA fragment, and a clone representing the complete coding sequence of p46 (from now on referred to as 
DP-1) finally isolated from an F9 EC cDNA library. 

40 Molecular properties of DP-1 

[0068] The complete DP-1 coding sequence was determined from a 2.4kb cDNA fragment. This cDNA contained an 
open reading frame encoding 429 in frame-amino acid residues that included eight of the peptides obtained from 
sequencing p46. The cDNA sequence probably includes the initiating methionine because an inframe termination 

45 codon exists immediately upstream of it and, moreover, the nucleotides flanking and including this methionine would 
be an efficient translation initiation signal. The longest cDNA clone isolated so far extends 55 nucleotides 5* from this 
predicted initiating methionine. However, it does not extend to the transcription initiation site because primer extension 
analysis wilh F9 EC cell RNA has indicated that the initiation site is 250 nucleotides upstream. The cDNA also contains 
about 1 .1 kb of 3'untranslated sequence, part of which is presented. 

so [0069] By northern analysis of poly adenylated F9 EC RNA the size of the DP-1 transcript was estimated to be about 
2.6kb. It was observed that DP-1 RNA is constitutively expressed in many different cell types and when assessed by 
in situ hybridization in a wide range of tissues during murine embryogenesis. During F9 EC cell differentiation, it was 
found that DP-1 RNA is marginally down -regulated as F9 EC stem cells differentiate. Southern analysis indicated that 
DP-1 is encoded by a single gene. 

55 [0070] Homology searches of the currently available protein data bases (Leeds and Swiss) failed to detect any sig- 
nificant similarity between DP-1 and any other protein. However, we noticed that a small region within the DNA binding 
domain of DP-1 has significant similarity to an analogous region in the DNA binding domain of E2F-1 (see later), a 
recently characterised protein that also binds to the E2F site. 
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(Figure 2). ImmunL^^^^^^ ZSL"? ^ ' e9bnS ° f ^ DFM 

molecular weight 46k0 and 55kD '(Figure LTrack 2 Bo?^Il^, reV6a ' ed ,W ° Peptides with apparent 
because the reaction was aonJm^S^^^S^S^r^ ^"ised by the antiserum 

compare tracks 5 and 6). V P PtK,e 1 5 but not by 8,1 unf elated peptide, peptide 1 (Figure 2a, 

[0072] It was confirmed that DP-1 was part of the DRTPi/pop r>M* ^ 

another anti-peptide serum (anti-peptide A) | had* ae^S, ™ ?• COmP ' 8X by detemii ™9 the effect that 
assays because it only reacts wfth the der^urei SS^JE^T* TJ" pep,i<te 15 could not be used 'or '"ese 
DRTF1/E2F a super-shift was apparent Sill!? ant.-pept.de A was incubated with affinity purified 
3). This super-shift was ^^^^^S^^.^ TT ^ * COmpare ,racks 2 a " d 
peptide 1 (Figure 2b, compare tracks 4 to S)^7^^T^ Ud ' n9 p6p,ide A but not tha ""Elated 
was specific for the E2F binding site (Figure 4to TlT ^ 881 remon COndi,ions 

DRTF1/E2F DNA binding activfty. P 4 ,0 6) ' these resufts ,ndicate DP-1 is part of the 

the preimmune serum, caused a superset and a co^cl^ h ' ThS addi,i ° n °' * but not 

tracks 2and 3) which coukf be competed by pepti^F^T " m P™** and c < Fi 9ure 2c. compare 

were apparent in a wide variety of i£ , cel. e^s derS , S^^TT ^ 7 and8 to 9a <* Simitar elects 
that DP-1 is a component of the DNA binding actTvt DRTR/LT TT ^ 0, I Ce,,S, inC ' Udi " 9 ™ S SU 99 ests 

which was also characterised in HeLa cell exacts DRTF1/E2F ' that Was ,nrt,all V defi "*d in F9 EC cell extracts and 

DP-1 associates with the retinoNaslom a ^ eroduet -j- rn 

™Zec^ ■ »M assoctates with P Rb in^o an im- 

pared from the human leukaemic cel.TnTjM v£ich c^SnThT^^ ^ "° m Wh °' 9 cel ^cts pre- 

munoprecipitation, DRTF1/E2F DNA tinLgscmw^^T, If DRTF1/E2F -PR" complex. After im- 
detergent. In these conditions. DRTFlS DNA Sno ISTL 7* T^" 19 ' mmUne Com P ,6x w « h "*J 
and no, the control antibody immunopSpitate ^T^Zu^f^^* PRb 
associated DRTF1/E2F was confirmed bv ir^tinn th* w JT 7/ 7 and 3 > The P re sence of DP-1 in pRb- 

to supershift (Figure 2d, comp^S^.SS^'S^ * ^ ^ DRTF1/E2F 

vjvo. " ,na,ca,ed b V >■ This demonstrates that DP-i associates with pRb in 

DP-1 specificaNy hinds to an E2F site and has a novel bmdino dnmai „ 
[0075] In order to determine whether DP-1 could bind to the fof ;„ „ 

1 coding sequence were expressed as glutathione s Snsferas Tgs™ aseque " ce - s P eci «<= ,ashi0n ' re 9 ions <* ° F - 
DNA binding activity. The smallest regfon so to d3£SIr^^SS^ and ^ ,0r 

quence from amino acid residue 84 to 204 (FSgureT^DP^^h T" 9 ^^ CO " ,ainS DP " 1 protein se ' 
whereas an unrelated GST fusion (GST-cdk2) fa Zl Ho to J: ^( F ZT1 ^ l ° the ade "^^s E2A promoter 

DNA binding activity was specific for the S^SS^S^JS^T ^ 2 a " d 3 >" F "^rmore. the 
tothe mutant E2F site (Figure 3b, compare track" ZtojZTnPiT mWe efficie "«y tothe wildtype than 

in who.e cel. extracts anS p46 in affinity ^ST^F,%2^^i5S °?* A '* KUn0 DRFF^/eaF 
actrvfty (Figure 3b, compare trackse to 9). An anti-GSTserumaLr^ Z Pr ° ,ei " l3Cked an ^ DNA bindi "9 

•he presence of GST-DP- 1^-204 in (ne > NA ^^x S^TSr^Z^ 00 ^^' 
wrth P 46 in that it cou.d be specifica.ly cross-linked to the E2F siWFiZll ^ , Shared an °' hef pr ° per, y 

r e r A e Sin^^ 

K3 JZXSZ -ved unsuccessful. Thus, this reg^ of 

-n a., probability, defines the DNA binding donTn ^TtT^ZlT*™ feco 9 ni,io " and «^^ore, 

so far identified, and thus represents a new c\as S vZZT 1 V ^ °' DNA bindin 9 

160 to 200) that has significant similar^ To a "gi^n mat ites Z^dmaTh (DP ' 1 ^ aCidrSSidUe 
where 42% ol the amino acid residues are idenlical and W .Wbr %^ i"^'" 9 °' E2p - 1 (Fi9ure 

Pred^ions suggests that these ,egk>ns indude tTI hleTonT^^ — 
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wheel in Figure 4c). Since DP-1 and E2F-1 bind to the same DNA sequence, this region of similarity appears to be 
involved in recognising the DMA sequence that constitutes an E2F binding site. 

[0077] The potential similarity of two other DNA binding proteins that regulate transcription during the yeast cell cycle 
supports this finding. Thus, the budding and fission yeast cell cycle-regulating proteins, encoded by SWI4 and cdclO. 
5 bind to a DNA sequence that resembles the E2F site, and contain a region within their DNA binding domains that has 
features in common with the DP-1/E2F-1 a helical region discussed above (Figure 4c). Based on the above, this 
SWI4/cdc10 protein domain may also be involved in DNA sequence recognition. 

[0078] Another region of similarity between DP-1 and E2F-1 is apparent outside the DNA binding domain (DP-1 
amino acid residue 210 to 240, with 41% identical amino acid residues; Figure 4b) which, like the earlier region, may 

10 form an amphipathic a helix. This region may contribute to DNA binding activity. 

[0079] DP-I 84 -* 04 may alsocontain a protein dimerisation interface because the addition of GST-DP-1 84-204 to affinity 
purified DRTF1/E2F resulted in a slower migrating protein-DNA complex relative to either GST-DP-1 84 " 204 or affinity 
purified DRTF1 alone, whereas a control GST-fusion protein had little effect (Figure 3d). The slower migrating complex 
is likely to result from the interaction of GST-DP-1 84 " 204 with another protein in affinity purified DRTF1/E2F through a 

is dimerisation domain contained within DP-1 84 " 204 . The similarity between DP-1 and E2F-1 protein sequences within 
this region suggests that E2F-1 is a strong candidate for such a dimerisation partner 

DP-1 activates transcription in vivo 

20 [0080] The E2A promoter distal E2F site (-71 to -50) functions as an activating sequence in a variety of cell types, 
such as SAOS-2 and F9 EC cells, when positioned upstream of the minimal herpes simplex virus thymidine kinase 
promoter. To determine if DP-1 can trans activate transcription through the E2F site, the effect of expressing the DP- 
1 coding sequence (amino acid residue 63 to 429) on the transcriptional activity of p3xWT and p3xMT reporter con- 
structs that are driven by either three wildtype or three mutant E2F binding sites respectively (Figure 5a) was assessed. 

2S in SAOS-2 cells, co-transfection of pG-B9 with p3xWT stimulated the transcriptional activity of p3xWT, whereas there 
was no effect of the plasmid pG4 (Figure 5b). Transcriptional activation by pG-B9 was dependent on wildtype E2F 
sites because the activity of either p3xMT or pCMVcat was not significantly affected in the same transfection conditions 
(Figure 5b and c). This shows that DP-1 specifically activates transcription through a wildtype E2F site. 
[0081] Thus, DP-1 is a sequence specific DNA binding protein that is present in DRTF1/E2F complexes assayed in 

30 extracts prepared from a variety of cell types and tissues. 

[0082] Both pRb and p107 bind to DRTF1/E2F in a cell cycle-dependent fashion, an interaction that causes a reduc- 
tion in the transcriptional activity of DRTF1/E2F. These complexes, together with the free transcriptionally active form 
of DRTF1/E2F, can be resolved in extracts from asynchronous cultures;of tissue culture cells. 
[0083] A striking feature of the DP-1 protein is its similar organisation to E2F-1 , a recently described protein which 

3S also has properties similar to DRTF1/E2F. Thus, their DNA binding domains and regions of similarity are located in 
very similar positions (Figure 4a) although the rest of the proteins are very different. It appears that DP-1 and E2F-1 
exist together in an E2F complex because antibodies against E2F-1 supershift complexes which also contain DP-1 . 
This is reminiscent of the situation that exists in other transcription factor activities, for example AP-1, where very 
different proteins interact through related domains. It is, however, believed that there is more than one partner for DP- 

40 1 because although DP-1 is present in all DRTF1/E2F complexes that form on the E2F binding site, antibody super- 
shift experiments indicate that E2F-1 is not; perhaps other E2F-1-like polypeptides exist together with DP-1 in these 
complexes. 



[0084] Several lines of evidence suggest that the cellular transcription factor DRTF1/E2F plays an important role in 
regulating the cell cycle of mammalian cells. For example, DRTF1/E2F DNA binding activity is periodically induced 
during cell cycle progression, peaking during S phase (Mudryj et a/., 1992; Shirodkar et at., 1992), and negatively 
regulated during differentiation (La Thangue & Rigby, 1 987). This binding activity correlates with the transcriptional 
activity of certain genes that are necessary for cellular proliferation, such as DHFR, DNA polymerase a and p34 cdc2 , 
which contain DRTF1/E2F binding sites in their promoters (Blake & Azizkhan, 1989; Means era/., 1992; Dalton. 1992). 
Furthermore, the retinoblastoma tumour suppressor gene product, which negatively regulates cell cycle progression 
from G1 into S phase and is frequently mutated in tumour cells, binds to DRTF1/E2F (Bandara and La Thanguo, 1991 ; 
Chellapan etai, 1991 ). The functional consequence of this interaction is. that pRb prevents DRTF1/E2F from activating 
transcription (Zamanian and La Thangue, 1 992). Several other molecules that are implicated in cell cycle control, such 
as Rb-related p1 07, cyclins A and E, and pSSP** 2 also associate with DRTF1/E2F during cell cycle progression (Bandara 
et at., 1991. 1992; Mudryj et at., 1991; Devoto et al, 1992; Lees et at., 1992). Taken together, these observations 
suggest that DRTF1/E2F integrates cell cycle events with the transcription apparatus, ensuring that the cell makes the 
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virus E7 regulate «he activity of Df^,SZ^ e t^^ 2* ' a ' 9e T anMBen a " d human »™ 
a iranscriptionally inactive toan active form CbSS^S^ associated proteins, converting it from 

Thangue. 1993). Because this effect »5l^^?^22ELS " * *' ^ am "* n 3nd La 
cellular immortalization and transformation (Bandara InJf I «*Wens prev.ousty shown to be necessary for 

S! ha, A ?r TFl/E2F ^ an 1991; 2Sfflanten and * 1« ) « is 

ponents of DRTF1/E2F have now been ^SS^^J^TT »e both DNA binding com 

its ability to directly bind to pRb, which Td^s Z^Tr , ' rSt ' ' e,erred l ° aS E2F1 • was iso| ated through 

contrast, DP-1 J.dBl^La«S^^y^ST? T' 0 " (He,ine ' a/ - 199 ^ •«** etat. l992)/!n 
from F9 ernbryonal carcjnoma st ^ ( ° a^^P^SSSSSIS ^ P"^" 9 ° RTF1 

ent.at.on process (La Thangue and Rigby, 1987; La Thanque 7T S2E SJa dowrwe 9 u,a,edd "™9 the differ- 

as a h'omodimer ^^^^iJ^^yiS^ » » a sequence-specific fashion 
^ainsarerxHcfoselyretete^ 

to .he DNA binding domains in some yeasict^cvc 2 « , , 9 UC,Ure they are ' never »"eless. distantly related 
The functional relationship tJ^TLT^TS^^^ ^ ^ ThangUe a " d Ta ^ 1 993 > 
1 and E2F-1 exist as a complex in ^^S^S^tJSZl^ "* ^ ™ *~ DP ' 
that DP-1 and E2F-1 bind efficiently and preferential as TJZ,*^? ^ Moreover, /n v»n, assays demonstrate 
region of similarity between the two protS F^"L 0 « . S " ' n,eraC,i0n re£ » ui ' es the 

suggests tha, DP-1 and E2F-1 interact a^^^H^^T^ * *"'»**'-»«-'* 
■nd.cate that DP-1 and E2F-1 can functionally i^arJtSu^T^ transc "P ,lonal activation. These data 
in mammalian cells. V ' and thal sucn an '"«aract>on is likely to be physiologically relevant 

^ DP-1 and E2F-1 exist as a complex in HeLa cells. 

SL D DRTF^^^ ™"ine deve.opmen.alfy regulated and cell cycle 

Furthermore. DP-1 is the product of a conse^ qene sTnc^h^T" 6 " 1 °' DRTF1/E2F °™ binding activates, 
related protein is expressed in -mphfcC^ES^ 
3S conserved DNAbinding component of DRTfJe2F EPF T SL-T PP6arS t0 be 8 ,fequent and evolu.ionarify 

also interacts in a seauenceSpecific «^S R ^l^«^ , ^y d 1S , ? 

contain a small region of similarity that overlaps domainal TrlSS " f f ' ^ Ka<? " n < * a/ " 1992 > Bott. proteins 
binding activity (Girling el ai, 1 992). prevrausly shown to be necessary for sequence-specific DNA 

[0089] it was assessed whether DP-1 and E2F 1 a ■ 

specifically recognise each protein. Initially we detenZL^nlT? ^ HeLa Ce " eX,ra ° tS usin 9 antibodies that 
cell DRTF1/E2F. Thus, as in F9 embryona^o™ t fetarda,,0n wnether DP "1 «■ a component of HeLa 
cel. DRTF1/E2F in a specific fashion^nce S eSTJf } ^ anti " DP "' P6ptide an,isefum dis ™P'e d HeLa 

gous. bu, not an unrelated. p^SSJE £ «SZ 2 f 'X 9 the reac «°" *° "omo^ 

used to immunoprecipitate DRTF1/E2F fr om H^a ceM etfractf .hT T 6 ,nfOU9h 9) An,i " OP - 1 "«»™ 
and then immunoblotted with an anti-E2F-i n^^S^^^" ec,p,tete subsa q"«ntly being released 
cipitated by anti-DP-t (Figure 6b. compare , S and 7 2 Ih.h ° NA bi " din 9 a «=<i^ immunopre- 

immunoprecipita,eswi,hanan,i-E2F-imonSan,^ P^tein because immunoblotting the 

-or E2F-1 (Figure 6c. track 4. indicated by a^) T^^^ 

s.nce « was not present when the immunoprecfeitatTo^^ ^ was dependent upon lheanti-DP-1 activity 
( R9 ure 6C . compare tracks 3 and 4) . Thus. DPT^^ 

DP-1 and E2F-1 interact /„ vitro in a DNA binding heterodimer 

pZZ ^^2^^ e ^f^^^^ A ^^ *»m.^ kxated in similar positions of each 
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E2F site (which was apparent on increased exposure of Figure 7a, track 6; data not shown). The DNA binding activity 
of DP-1 was somewhat less than that of E2F-1, the reasons for which are currently unclear. However, when both 
proteins were present in the same binding reactbn, increased E2F site DNA binding activity was apparent (Figure 7a 
compare tracks 2 and 3 with 4, and 6 and 7 with 8). The DNA binding activity was much greater than that expected 
from an additive effect of the two DNA binding activities, indicating that together DP-1 and E2F-1 recognise the E2F 
site synergistically. 

[0091] The presence of both DP-1 and E2F-1 in the DNA binding complex was confirmed using antisera specific for 
either protein. An anti-E2F-1 peptide antiserum supershifted the DNA binding complex (Figure 7a, compare track 8 
with 10), whereas the anti-DP-1 peptide antiserum inhibited the DNA binding activity (Figure 7a, compare track 11 and 
12). However, the effect of the anti-DP-1 antiserum was less dramatic, the reasons for which are unclear, but may be 
related to the availability of the epitope which, for this antibody, is located close to the DNA bindinq domain of DP-1 
(Girling etaL. 1993). 

[0092] This assay was used to determine the regions in DP-1 which are necessary to produce a DNA binding complex 
with E2F-1. Thus, various derivatives of DP-1 were expressed as GST fusion proteins, cleaved with thrombin, and 
then assessed for any interaction with E2F-1 . Since these derivatives of DP-1 were truncated versions of the wild-type 
protein, any of them which was able to interact with E2F-1 to produce functional DNA binding activity should result in 
a smaller and hence faster migrating DNA binding complex. Moreover, il only one faster migrating complex were ap- 
parent, a heterodimer of the two proteins would be the most likely explanation. Indeed, when either DP-1 m-249 C r DP- 
1 e 4 -** were mixed with E2F-1 (GST-E2F-1 e+W), a faster migrating DNA binding complex was formed relative to E2F- 
1 alone (Figure 7b, compare track 1 with 2 and 3) or E2F-1/DP-1 (Figure 7a) indicating that these two derivatives of 
DP-1 were able to interact with E2F-1 and that they were likely to form a heterodimer. Again, the DNA binding activity 
of the E2F-1/DP-1 ^249 complex was greater than that for E2F-1 alone (Figure 7b, compare track 1 with 2 and 3) or 
DP-1&4-249 nad !ow DNA bindjng act j v i t y }n the conditions employed in this assay (data not shown) but never- 
theless can specifically recognise the E2F site (Girling et al., 1993). The DNA binding activity of the E2F-1 /DP- 1*4-2*4 
reaction was less than E2F-1 /DP- 1*4-249 indicating that the region of DP-1 between amino acid residue 204 and 249 
which shows significant similarity to E2F-1 (Girling et al, 1993), also influences DNA binding activity The synergistic 
DNA binding effects of DP-1*4-249 and DP .-,84-204 were a|so apparent when tne unc , eaved G ST fusion proteins were 
mixed with E2F-1 although, because of their increased size, a faster migrating DNA binding complex did not occur 
(Figure 7b, compare track 1 with 4 and 5). Further deletion of this region, either from the N-(DP-1 146-249) or c-(DP- 
! 84 266) terminus yielded derivatives of DP-1 that failed to form a DNA binding complex with E2F-1 either as GST fusion 
proteins (Figure 7b, compare track 1 with 6 and 7) or after cleavage (data not shown), indicating that DP-1 ^saw is tne 
minimal region so far defined which is capable of producing a DNA binding complex with E2F-1. 
[0093] Analysis of the DNA binding specificity of the E2F-1/DP- 1 84-249 complex with a panel of binding sites derived 
from the adenovirus E2A promoter distal E2F site (La Thangue et a/., 1 990; Shivji and La Thangue, 1 991 ) indicated 
that it was very similar to that for E2F-1 alone (Figure 7c, compare tracks 3 through 6 with 8 through 11) and, furthermore 
the DRTF1/E2F site DNA binding activity defined in F9 EC cell extracts (Figure 7c, compare tracks 13 through 16). ' 
[0094] To characterise further the interaction between DP-1 and E2F-1 we employed an assay in which in vitro 
transcribed and translated E2F-1 polypeptide could bind to DP-1 GST fusion proteins. The ability of E2F-1 to interact 
with DP-1 was assessed after collecting the GST-fusion protein with glutathione-agarose beads and subsequently 
releasing the bound E2F-1 polypeptide. Both DP-1*4-249 and DP-1Q4-204 could jnterac( wjtn E2F-1 since the amoum 
of E2F-1 bound to GST-DP- 1*4-249 and GST-DP- 1*4-204 was significantly greater than that bound by the GST beads 
alone (Figure 7d, compare track 2 to 3 and 6), consistent with their ability to form a DNA binding heteromer (Figure 

7b). DP-1 146-249 a|so bound tQ E2 p. 1 whereas DP-1 64-166 faj)ed tQ do SQ (Rgure yd compafe tfacks 2Xq4 and 5) Dp , 

1 146 249 therefore contains a domain, which based on the earlier results is likely to be a dimerization domain, that allows 
45 it to interact with E2F-1 but lacks sufficient amino acid sequence for the heteromer to bind to DNA. The additional 
information in DP-l fi 4-249 is neC essary for the complex to bind to DNA. These data therefore suggest that the region 
of DP-1 which is similar to E2F-1 (amino acid 1 63 to 236) contains a dimerization domain, and that additional N-terminal 
sequence is necessary for DNA binding activity. A summary of these data is presented in Figure 7e. 

50 DP-1 and E2F-1 interact in yeast cells. 

[0095] To determine if DP-1 and E2F-1 interact directly in vivo we adapted a previously described assay system in 
yeast cells (Fields and Song, 1989) which utilised expression vectors that synthesise two hybrid proteins, one derived 
from DP-1 and the other from E2F-1. In the first, the DP-1 coding sequence was fused to the DNA binding domain of 
the bacterial LexA protein, to make pLEX.DP-1 and in the second, pGAD.E2F-1 , the E2F-1 coding sequence was fused 
with the acidic transcriptional activation domain (AAD) of the yeast Gal4 protein. pLEX.DP-1 failed to activate a reporter 
construct driven by a LexA binding site, whereas a hybrid protein that contained the trans activation domain taken from 
the p53 protein could (Figure 8). However, when pLEX.DP-1 and pGAD. E2F-1 were expressed together, the transcrip- 
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presented h this ^ strongly ^ ^3^^, "* *" 

5 DP-1 regulates E2F site-dependent transcription in vivo. 

(a) Drosop hila assay 

« Xsed SSfJi^E SS2T e in DroS ^' 7a SL2 celIs - a - ^tem wnich has 
were particutody -pip^m«-^2SSS5 SSSJ SfSiSSK V ^ ^ ^ "» 
assayed by gel retardation (data not shown) In crt^S^f^,™^*™^ 9 ^*^^*** 
determined the effects of each protein alone and ZZn ! func,,onal 'faction of DP-1 and E2F-1, we 
reporter construct driven by tZizf^ZtZ^^T^ ^ » anscri P*>" a < activity of P 3xVvT, a 
activate P 3xVvT k. a dose-dependent la^nSeli ? T"*' ThUS - E2F ' 1 Was ab,e to 

(Figure 9b and c. compare lanes 3 and 4) resuKich ^ 7 T ! 1 a " d 2) Whereas DR - 1 failed '° <*> so 
celis (Heft, a/ a/.. 1992; Kaelin el a/ i^^ZTT ™ ? ,he behaviof <* E2F-1 and DP-1 in mammalian 

together much greater E2F site-dependent tran^ona acZ£ "™ ^ "* E2F " 1 Were ex P ressed 

and c, compare ianes 1, 3and 5). Soreol ^S^SSSXS^S^ * ^ 9b 

1 produced more E2F site-dependent transc riot J 7<fZuZ £ ! ! 6603036 ,ncreasi "9 the level of DP- 

expression of an unrelated DNA birKll^^Se^T? ?' ~ "XT 1 ' 5 and 6) and s P ecifte sif ™ «*■ 
9b and c. compare lanes 5 and 6 with 7 ^dT^^er ^mi, ' ^ Pr0dUCe ^ ^""fc^ eBec,S < Fi 9«"° 

this activation was specific for the wild-type KF s " If ? Xpre "™ nte P erfo "^ with P 3xMT indicated that 
functfcna,, interact in E2F s^^™^* £ £2^^^^ - ™ a " d « 
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25 



(b) F9 EC Cftll agoay 
[0098] 



^ the N and C-terminal region. Thus, when DP*™** was * ^ ^ am ' n ° Sequence ,rom **■ 

sile^Jependent transcriptional activity (Zammanian and I * Thl? I? EC Ce "' wnich contain ni 9h levels of E2F 
apparent (Fig. 10c, compare tracks \ 7&?£2S* ^If^T^l h * P 3 *"" was 

for the wild type E2F site because the activity of either the mutanfSp ? °' 106 f ' 9Ure); thfe effect was s P eci « c 

Based on the earlier results, a potential exofena^ 
- a heteromer that was no, capeSe of tSgT^^tL y^IT * SeQUe8,a «* »1 . to form 

1 was expressed in the presence of DP-1 73-34Q 9 ST^w 9 , am ° Unl °' aVailab,e E2F " 1 ■ Wne " 62F- 
sile-dependent transcriptional activity (Fig. ,o' ^Ttracks fZT^T^^ f6St0red E2F 
f"**P«°na« activity is consistent w'ith the ^X. dp seauester, St ^ " ^ to reSCUe 

^ com P ,ex and is compare w„h the idea .a, an interaction between DpTa^dE2F1 occurs ZXZZZS?" 

DP-1 and E2F-1 activate E2F site-dependent transcription yeast cells. 

interact in E2F site^ependen, 

SO from the adenovirus E2A promoter weTus ed In ^S^^SS^ ~ * E2F bindin 9 sites take " 

1 la) activating transcription about 12-fo.d aboT^c^TZm c^ZT ^P**"^ < Fi 9 u - 

activrty could be stimulated further upon introductbn of the EPF i f ^ ShOWn) - This transcriptional 

1 increased the transcriptional actiJuy J^SS^T^TS^ ^ PQA ° E2F l Thus " P*3AD.E2F- 
expression vector, P LEX.DP-1. had on the MmTnortl wc ' COmpared to ,he sm all effect that the DP-1 

* expressed together, the activity of SxWT^YC^ ^w^l^ / ^ 11b) H ° W ° Ver - ^ E2F1 a " d DP " 1 

CYC1 activity (Figure 5b); thetl^^C™ JTnS ? V* ^ ^ 5 °''° ,d aDOVe ^ P 4xWT 
pression vector (data no, shown) This shtwslha^DP T£ llT! V 5y 6i,hef « he E2F " 1 of DP " 1 e ^ 

efficiently when present together Lnl^JSJ^lSiS TV S Si,e - de P e ' 1de "« transcription more 

e ooes alone, suggeslmg agam ,ha, DP-1 and E2F-1 interact synergistically 
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in E2F site-dependent transcriptional activation. 
DP-1 and E2F-1 interact in mammalian cells. 

s [0100] Previous studies have indicated that DP-1 is a universal component of DRTF1/E2F DNA binding activity in 
F9 EC cells because all the DNA binding complexes that occur on the E2F site are disrupted by anti-DP-1 antibodies 
(Girling otai, 1 993). The same situation exists in HeLa cell extracts where all the DRTF1/E2F DNA binding complexes 
are affected by anti-DP-1 antibodies (Figure 6a). Based on these observations: and combined with studies performed 
in other cell types (Bandara et a/. t in preparation), we believe that DP-1 is a frequent component of transcription factor 

10 DRTF1/E2F 

[0101] In the light of these observations, we were interested to determine if DP-1 can interact with the other E2F site 
DNA binding protein, E2F-1 (Helin et ai, 1992; Kaelin et ai, 1992) and, furthermore, establish whether such an inter- 
action occurs in physiological conditions. Our results indicate that DP-1 and E2F-1 exist as a complex in HeLa cell 
extracts, and thus imply that at least a proportion of the total DRTF1/E2F DNA binding activity is likely to be a hetero- 

15 meric complex involving DP-1 and E2F-1 . It is unclear, at the moment, just how much of the DRTF1/E2F DNA binding 
activity is a complex of DP-1 and E2F-1 because our attempts to use anti-E2F-1 antibodies to affect the DNA binding 
activity in gel retardation assays have been unsuccessful (data not shown). Also, we cannot rule out that other proteins 
bind to DP-1 , in the place of E2F-1 . In fact, this would seem a likely possibility because several polypeptides in affinity 
purified DRTF1/E2F with distinct molecular weights (from 45 to 55,000) are capable of specifically binding to the E2F 

20 site (Shivji and La Thangue, 1 991 ; Girling et ai, 1 993). 

A physical interaction between DP-1 and E2F-1 in vitro and in yeast cells. 

[0102] We established that DP-1 and E2F-1 can directly interact by studying their DNA binding properties in gel 
2S retardation assays. DP-1 and E2F-1 formed a heteromeric DNA binding complex with exactly the same DNA binding 
specificity as that possessed by DRTF1/E2F in crude cell extracts (La Thangue et ai, 1 990). Moreover, it was apparent 
that the DNA binding activity of the heteromer was considerably greater than for E2F-1 or DP-1 alone, suggesting that 
DP-1 and E2F-1 interact synergistically. A molecular analysts of the region in DP-1 which was necessary to form a 
DNA binding complex with E2F-1 indicated that the region of similarity between the two proteins, together with an 
30 additional N-terminal domain, was required. The region of similarity allowed DP-1 and E2F-1 to bind to each other and 
thus is likely to constitute a dimerization domain. 

[01 03] We confirmed these observations in yeast cells using an assay which makes use of the modular organisation 
of transcription factors (Fields and Song, 1989). Thus, DP-1 was fused to the bacterial LexA DNA binding domain and, 
in a separate molecule, E2F-1 to the acidic transcriptional activation domain of the yeast Gal4 protein. In this assay, 
3S a functional activation domain is recruited to the LexA-dependent promoter on ly if there is a physical interaction between 
the two hybrid proteins. When the two hybrid proteins were expressed together there was strong activation of the LexA- 
dependent reporter. Thus, DP-1 and E2F-1 are able to physically interact in yeast cells. Moreover, this result indicates 
that they are able to do so in the absence of DNA binding since the DNA binding specificity was provided by LexA and 
thus took place independently of the E2F binding site. 



40 



Transcriptional synergy by DP-1 and E2F-1 in vivo. 



[0104] We addressed the functional consequences of the interaction between DP-1 and E2F-1 for E2F site-depend- 
ent transcription in both Drosophita and yeast cells. We took this approach because our attemps to activate transcription 
45 by introducing wild-type DP-1 into mammalian cells have met with limited success, the reasons for which are unclear 
but may be related to the levels of endogenous DP-1 protein. 

[010S] Both types of assay, whether performed in Drosophita or yeast cells, indicated that DP-1 and E2F-1 interact 
synlergistically in E2F site-dependent transcription since when both proteins were expressed together transcriptional 
activation was more efficient than for either protein alone. A likely explanation for such an effect is that the DNA binding 

50 activity of the DP-1/E2F-1 heterodimer is more stable than either homodimer and thus transcriptional activation is more 
efficient. This idea would be entirely consistent with the in vitro DNA binding data presented earlier in this study which 
suggested that DP-1 and E2F-1 interact synergistically We cannot, however, rule out other potential influences, such 
as activation of a cryptic transcriptional activation domain in the DP-1/E2F-1 heterodimer and, in fact, recent experi- 
ments have suggested that such a possibility is likely to be conect (Zamanian and La Thangue, unpublished data). 

55 [0106] In conclusion, we have demonstrated that DP-1 and E2F-1 interact in transcription factor DRTF1/E2F, to 
produce a. DNA binding complex which is the preferred state over either homodimer. Since E2F-1 can bind to pRb 
(Helin etai, 1992; Kaelin et ai, 1992) in such a complex it is likely that E2F-1 will provide an interface recognised by 
pRb, thus enabling the transcriptional activity of this particular E2F site DNA binding activity to be regulated by pRb. 
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MATERIALS AND METHODS 
'0 Preparation of cell extracts, gel retardation and immunochemical techniques. 

1993). and immunoprecipitation with tnx\ 3 -i P f 0rmed as P^wusly described (Girling et at.. 
immunoprecipitates were Sate % DOC and "~»*™<* »V standard procedures. The 

DRTF1/E2F by gel retardation and me oresenceo^ppp f h" deter9ent rC ' eaSed ma,erial 

SQ41 (Kaelin e?a/.. ins Thean^ monoclonal antibody 

scribed (Girling et at 1993) Rabbi anU E2F^ 7™ i~ an "; pe , p,,de and «»*-P«PtWe 18, have been previously to- 
sents E2F-1 amino acid sequenc ^ 3^ o 323 T^ seo T ( <T M 39ainst 3 peptide «"* ^ 

sites were used in the gel ^^00 assays 5 * ' 0 °' ,M 6XCeSS °' COm P e,i "9 bindi "9 
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Fusion proteins and in vitro translation. 
[0108] 



Yeast assays. 



p"*DP P ^ 

coding sequence in pBTM1 1 6 oB?M?S frSrilf* T „ aC ' d 59 '° the C - termi ™s) downstream of the LexA 
downstream of the LexA^N A binding domain DG^tMfi fe^ri"" ! 6 °S5? SeqU6nCe (,r0m a ™° acid 1 to ^ 
Ga14 transcription activating do m l (^ 

PGAD.E2F-1 contains the entire E2n Z„!! T 768 - 88l > under *he control of yeast ADH1 promoter, 

domain. P 4xWT cTci ^ 

E2F site was taken Irom hJ ? 7 Tto so Trl^n ^ . pLGA178 < Guaren,e Mason, 1983). The wild-type 
nuclides -62 «o -6u (La Th a^ Pr0m0,er and ,he *«e was mutated in 

vectors were transformed hJZZ^So £ rL?x ' TJ ° ***** <R9Ufe 3) ' me indiCated "Won 
which con^ 

expression vectors, p-galactosidase aSvtf mEn,-^ °^xMT CYC1 and was transformed with the indicated 
55 Transfection of Drosophite tissue culture cells. 

uie We and mutant E2F binding sites, respectively pDP "I encodes 
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a complete DP-1 protein, and pG4mpolyll the Gal4 DNA binding domain (Webster et aL t 1989). pE2F-1 has been 
previous described as pCMV RBAP-1 (Kaelin et at , 1 982). Cells were transfected by the calcium phosphate procedure 
and harvested 40 to 45h later and for each transfection, pBluescript KS was included to maintain the final DNA con- 
centration constant. All transfections included an internal control pCMVp-gal. The assay lor CAT activity, correction 
for transfection efficiency and quantitation of TLC plates have been described previously (Zamanian and La Thanaue 
1992). ' 

Transfection of mammalian cells. 

[0111] Reporter constructs were all derived from pBLcat2 and have been previously described (Zamanian and La 
Thangue. 1992). Open and solid boxes denote wild-type and mutant E2F binding sites, respectively. The plasmid pDP- 
1 73 " 340 encodes a protein spanning amino acids 73 to 340 in the wild-type DP-1 sequence fused downstream of the 
Gal4 sequences in pG4Mpolyll (Webster et a/., 1989). pCMV E2F-1 has been previous described as pCMV RBAP-1 
(Kaelin et a/., 1982). Cultivation of F9 EC cells and their transfection have been previously described (Zamanian and 
La Thangue, 1992). For each transfection, pBluescript KS was included to maintain the final DNA concentration con- 
stant. All transfections included an internal control pCMV (3-gal. The assay for CAT activity and quantitation of TLC 
plates have been described previously (Zamanian and La Thangue, 1 992). 

Detailed description of the drawings. 

Figure 6 

DP-1 and E2F-1 exist in the same protein complex in vivo. 
[0112] 

a) DP-1 is in DRTF1/E2F DNA binding complexes formed in HeLa cell extracts: gel retardation was performed 
using F9 EC and HeLa whole cell extracts (in which DRTFl resolves as three distinct complexes, a, b, and c; 
indicated in figure) with the E2F binding site taken from the adenovirus E2A promoter (nucleotides -71 to-50) in 
the presence of either preimmune (PI; tracks 2 and 6) or immune (I; tracks 3 to 5 and 7 to 9) anti-DP-1 (peptide 
A) antiserum with the addition of either unrelated peptide 1 (tracks 4 and 8) or peptide A (tracks 5 and 9). In both 
F9 EC and HeLa cell extracts, all the DRTF1/E2F DNA binding complexes were affected by the anti-DP-1 antibody. 

b) Anti-DP-1 immunoprecipitates DRTF1/E2F DNA binding activity: immunopreciprtation was performed from HeLa 
cell extracts with anti-DP-1 in the presence of either homologous peptide A (tracks 2 to 4) or unrelated peptide 1 
(tracks 5 to 7) The immunoprecipitates were treated with 1% deoxycholate (DOC) and 1.5% NP40, and the de- 
tergent-released material assayed for DRTF1/E2F DNA binding activity; the depleted HeLa cell extract is also 
indicated (Sn; tracks 2 and 5). No DNA binding activity was released in the absence of detergent (indicated by c; 
tracks 3 and 6). 



c) Immunoblotting DP-1 immunoprecipitates with anti-E2F-1: anti-DP-1 immunoprecipitates performed in the pres- 
ence of either peptide A (track 3) or peptide 1 (track 4) were immunoblotted with the anti-E2F-1 monoclonal antibody 
SQ41; the E2F-1 polypeptide, present in track 4, is indicated by the arrow. As a positive control, about 100ng of 
the E2F-1 fusion protein, GST-E2F-1 8& ^ 7 , was immunoblotted in track 2 . Track 1 shows standard molecular 
45 weights. 

Figure 7 

DP-1 and E2F-1 bind to the E2F site as a complex. 
[0113] 

a) DP-1 and E2F-1 interact synergistically in DNA binding to the E2F site: GST-DP-1 59-410 (about 25ng) or GST- 
E2F - 1 8£M37 ( ab °ut 50ng) were assayed either alone (tracks 2, 3, 6 and 7) or together (tracks 4 and 8) for binding 
to the adenovirus E2A promoter (tracks 1 to 4) or the distal E2F site taken from the E2A promoter (tracks 5 to 8); 
tracks 1 and 5 show the binding sites alone. Note that a DNA binding complex was apparent in track 6 upon 
increased exposure (data not shown). The E2F site-specificity of the complexes was confirmed by performing the 
appropriate competition experiments (data not shown). The effect of anti-E2F«1 (tracks 9 and 10) or anti-DP-1 
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contain either an unre.ated (track S or tbe^<^ £££ SfS J 11 - 12 

thrombin; tracks 2 and 3), GST-DP-1^9 GST -DP Vqt n ^ ? ft re ' eaSed a,ter cleav a9e with 

without cleavage; tracks 4, 5. 6 and 7). ' GSTDfM • GST-DP-t i46- 2 « or GST-DP- 1<*-166 (about 300ng> 

' 6> c) Sequence specificity of the E2F-ie9-437 /DP . 1 84-249 hetarom^r «,» p>ma 

formed by either GST-E2F-,^37 (5 0ng; tracks 2 to S^^^^Sgf* ° f 

^sSmS^sT^— 

parison, a similar experiment is shSThan Sec 12"! . f ' °' ,he bind ' n9 Si,es indica,ed > For com ' 

» ^comp.exesfadverys^ 

aione. Details o. the competing binding sites are given in'a^L anS IToTs ^ ' ^ ^ Pf0be 

GST fusion proteins, or GST proXnlone 212 l™™**** 'y sate containi "9 translated wi.d-ty P e E2F-1 

E2F-1 po.ypep.ide re.eased Track sh™ e^T £ SI "l 9 '^^ ^ — b ° U " d 

E2F-1 . y aie w,th the E2F_1 Polypeptide. Note that DP-1 146-249 binds to 

e) Summary of the data and molecular properties of DP 1 Th* ♦ , ^ 

^ich h known to ,ie within the region indeed" 'by t^^ZS^^ ^ ^ 
Figure 8 

DP-1 and E2F-1 interact fn yeast cells. 

[0114, Summary of results. Details of the expression vectors and reporler construe, are described above. 
Figure 9 

Functional synergy between DP-1 and E2F-1 in Drosophll* SL2 cells 
[0115] 

vecloi in each Irealmenl Z SSC^^T 5 ^JST*^"*™ ^ *"°** " 



Figure 10 

^ DP-1 contributes to E2F site dependent transcription in F9 EC cells. 
[0116] 



a) Summary of constructs 



« 2 eXp - Si - — « ware performed 

alone which was given Z ami aa SuToM n h ° S ^ ex P ressed to the activity of P 3xWT 

Note that DP-lTaio^J^S^^/I^T^^ °' * ,eaSt thfee Se P ara,e °>U«men«s. 
are represented « -cue this effect. The data 
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Figure 11 

DP-1 and E2F-1 activate E2F site-dependent transcription in yeast ceils. 
5 [0117] 

a) Summary of constructs. 

b) (i-galactosidase activity was measured in S.cerevisiae strain W3031 a carrying p4xWT CYC1 and the indicated 
effector expression vector. All values are expressed relative to the activity of p4xWT CYC1 which was given an 

10 arbitrary value of 1 .0 and are representative of at least three separate experiments. 
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Annex to the description 
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5 



30 



35 



55 



SEQUENCE LISTING 



(1) GENERAL INFORMATION : 



(1) APPLICANT: 

io (A) NAME: Medical Research Council 

(B) STREET? 20 Park Cr accent 

(C) CITY: I-ondon 

(D) STA TE: London 

(E) COUNTRY : Halted Kingdom 
<F> POSTAL CODE (ZIP) : WIN 4AL 

15 <ii) TITLE OP INVENTION: Transcription Pactor 

(111) NUMBER OF SEQUENCES i 2 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM T YPE: Floppy dlok 
20 CB) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: Patantln Release #1.0, Version #1.25 (BPO) 

(2) INFORMATION FOR SEQ ID NO: 1: 

25 (1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1700 base pairs 

(B) type x nucleic add 

(C) 6TRANDEDNESS : double 

(D) TOPOLOGY: linear 



(li) MOLECULE TYPE: CDNA 

<lx) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 55.. 1294 

(Xl) SEQUENCE DESCRIPTION : SEQ ID NO i Is 

GTTTCTTCTG TGGAGGGTAC GCAGTTAAAG CCTTGATTTC CTGGATCTGG TAAC ATG 57 

Met 
l 

40 GCA AAA GAT GCC ACT CTA ATT GAA GCC AAC GGA GAA CTA AAG GTC TTT 105 

Ala Lys Asp Ala Ser Leu lie Glu Ale Asn Gly Glu Leu Lys Val Phe 
5 10 is - 

ATA GAC CAG AAT CTT ACT CCT GGG AAA OGT GTG GTA TCT CTT GTA GCC 153 
lie Asp Gin Asn Leu Ser Pro Gly Lys Gly Val Val Ser Leu val Ala 
20 25 30 

45 

GTC CAC CCO TCC ACA GTC AAC ACA CTT GGG AAG CAG CTT TTO CCA AAA 201 
Val His Pro Ser Thr Val Asn Thr l*eu Gly Lys Gin Leu Leu Pro Lye 
35 40 45 

ACC TTC GGA CAG TCC AAT GTC AAT ATC ACA CAG CAA GTG GTG ATT GGC 249 
Thr Phe Gly Gin Ser Asn Val Asn He Thr Gin Gin Val Val He Gly 
50 5D 55 60 65 

ACO CCT CAG ACA CCG OCA GCA TCC AAC ACT ATT GTG CTA GGA AGC CCA 25? 
Thr Pro Gin Arg Pro Ala Ala Ser Asn Thr He Val Val Gly 8er Pro 
70 75 80 



CAC ACT CCC AAC ACG CAT TTT GTG TCA CAG AAC CAG ACG TCT GAC TCC 345 
His Thr Pro Asn Thr His Phe Val Ser Gin Asn Gin Thr Ser Asp Ser 
05 90 95 
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♦ 



J^t I 00 !' CT ?F G ? G AAC CGG AAC AOO AAO OOC GAG AAG AAT GGC 

" ISS M * OXV Ly8 *SI **» «V ^ £n 

v 105 XI O 

AAG GGC CTG CGG CRT TTC TCC ATG AAG OT6 TCT GAG AAG CTC CAG AEr 
I** Qly Leu Arg His Phe fier Met Lys Val Cys 3S i£ Si A^ 
A " JL20 125 

AAA GGA ACC ACC ICC TAC AAT GAG CTG GCT OAC GAG CM CTT rr a 
Lys My Thr Thr Eer Tyr Asa Glu Val Ala Asp Glu Leu Val AXa Glu 
135 J40 

TTC AGC GCT GCC OAC AAC CAC ATT CTA CCA AAC GAA TCA GCT TAT CAT 
Ph. Sar Ala Ala Aap Aan Hi. lie Leu Pro Aim £eV SI ^ £J 



3S3 



75 



35 



40 



469 



S37 



160 



CAG AAG AAC ATC CGG CGG CGT CTC TAC GAT GCO «rr& *ivr 

G0n Lys Asa He Arg Arg Arg S Sr £J Ala "u Sa Si £u ffi 



175 



ff^ m!? ^ C *? C ^ TCC AAG GAG AAG AAG GAG ATC AAA TGG ATC GGC 

Met A|n He He Ser Lys Glu Lys Ly« Glu He Lys £rp He 633 

CTO CCC ACC AAC TCA GCT CAG GAG TGC CAG AAC TTA gag rrr 
Leu Pro Thr Asa S„ Ala Gin Glu Cys Gin Asa Leu Glu Val Glu Arg 
"=> 200 205 y 

CAG AGC AGG CTC GAG AGG ATC AAA CAG AAG CAG TCT CAG err n*n 
Ola Arg Arg Leu Glu Arg He Lys Ola Lys Gin Ser Gin Leu Gin Glu 

220 225 

Limu t7» p' 1 '* S?** ATT GCC TTC AAG AAC TTG GTG CAG AGA AAT CCC 

Leu He Leu Gin Glu He Ala Phe Lye Asn Leu Val Gin Arg Asa Arg 
30 235 240 

250 255 



825 



~ ™ E - - KSEKSiSiSig S SI « - - 

u 265 270 

" 5 300 * 305 

OCA TGT GGG CTG GAG TCT GGC AAC TGC TCT GCT GAA GAC CTr ztn 
Ala Cys Gly Leu Glu Ser Gly A*n Cys Ser Xll S£ 25 g2 *E 



1017 



1065 



305 

TCT GGC AAC TGC TCT GCT GAA GAC CTC AAG 
_j Ser Gly Asn Cys Ser — - - - 

GCC AGA ACT TTC OTA CCA AAA GCT CTA GAA CCA TAC GTG ACA *-v* 
Ala Arg Ser Leu Vaa Pro Lya Ala Leu Glu p£ v2 S ffi S 
J " 330 3 3S 

50 J? 1 * CGA TCC ATT OCT GGC GTA TTC GTC ACO ACA ACA got t^t 

Ala Gin Gly Ser He Gly Gly Val Phe El S £ 5£ S£ 22 S 
" w 345 350 
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GGG ATG CTG GCC ACG AGC TCC AAT GGG TCT CAG TAC AGC GGC TCC AGG 1209 
Gly Met Leu Ala Thr 6er fier Asn Gly Ser Gin Tyr Ser Gly Ser An 
370 375 380 385 

GTC GAG ACC CCT GTG TCC TAC GTT GGG GAG GAT GAT GAC GAC GAT GAT 1257 
Val Glu Thr Pro Val Ser Tyr Val Gly Glu Asp Asp Asp Asp Asp Asp 
390 395 400 

GAC TTT AAT GAG AAC GAC GAG GAG GAT TGATTACTCA ACCCGTAGAC 1304 
Asp Phe Asn Glu Asn Asp Glu Glu Asp 
405 410 

CCCTCTCCCC TTCGAATCXG CTTCAGGAAA AACACGTATA GAGGAAAGAA ACTTAAAGTG 1364 

GGGCTTTCTQ TTCTTTTTOG CCTACTCCCA AGAAGATACC CCCGAGTTCT GGAGTTGAGT 1424 

GTGCAGCTCC AAGTGAGGAG GAGTOTGCGC A GT TT S AGCC TAGCTGOGGA TGTGTTGTGA 1484 

AGCCAGCCTG CTAATCCAGA GCCTCTATCT A CCTWTA OO ATTTTATGOT TTCTCTCTTT 1544 

TCTCTCTTTT TTTTCCTTTT CTTTCTTTTT TGAGTTTGAA G CTTATTTTG CCCCTCAACA 1604 

GTTGTTGCTG GGTTTGCCGA GGAAACTGTA CTGCGCCCAC ACCAGTGACA ATGACAAAGT 1664 

GCTGCCCTGC CTCCGATGTC CAGCACCCAG GTGGT6 1700 

(2) INFORMATION FOR ££0 10 NO: 2s 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 410 amino adds 

(B) TYPE i amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Ala Lys Asp Ala Ser Leu He Glu Ala Asn Gly Glu Leu Lys Val 
1 '5 .10 15 

Phe He Asp Gin Asn Leu Ser Pro Gly Lys Gly Val Val Ser Leu Val 
35 20 25 30 

Ala Val Hiu Pro Ser Thr Val Asn Thr Leu Gly Lys Gin Leu Leu Pro 
35 40 45 



Lys Thr Phe Gly Gin Ser Asn Val Asn He Thr Gin Gin Val Val He 
50 55 60 

Gly Thr Pro Gin Arg Pro Ala Ala Ser Asn Thr He Val Val Gly Ser 
65 70 75 SO 

Pro His Thr Pro Asn Thr His Phe Val Ser Gin Asn Gin Thr Ser Asp 
S5 90 55 

Ser Ser Pro Trp Ser Ala Gly Lys Arg Asn Arg Lys Gly Glu Lys Asn 
100 105 no 

Gly Lys Gly I*eu Arg His Phe Ser Met Lys Val Cys Glu Lys Val Gin 
115 120 125 

Arg Lys Gly Thr Thr Ser Tyr Asn Glu Val Ala Asp Glu Leu Val Ala 
130 135 140 

Glu Phe Ser Ala Ala Asp Asn His He Leu Pro Asn Glu Ser Ala Tyr 
1« 150 155 160 

Asp Gin Lys Asn He Arg Arg Arg Val Tyr Asp Ala Leu Asn Val Leu 
l€5 170 175 
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10 



15 



20 



25 



30 



35 



Met Ala Met Asn He He Ser X.ya Glu Lys v yB Glu He Lys Trp He 
* 185 r 

Gly Leu Pro Thr Aan Ser Ala Gin Glu Cys Gin Asn Leu Glu Val Glu 

200 205 

Arg Gin Arg Arg Leu Glu Arg He Lys Oln Ly* Gin Ser Gin Leu Gin 

215 220 

Glu Leu He Leu Gin Gin Ha Ala Phe Lys Asn Leu Val Gin Arg Aim 

330 235 240 

Arg Gin Ala Glu Gin Oln Ala Arg Arg Pro Pro Pro Pro Asn fier Val 

245 250 2SS 

He HI. Leu Pro Phe lie He val Asn Thr fier Ar*j Lye Thr val He 

260 a65 270 

Asp cys ser He fier Asn Asp Ly» Phe alu Tyr Leu Phe Asn Phe Asp 

* 7S 280 *^ 

Asn Thr Phe Glu He His Asp Asp He Glu V.l Leu Lys Arg Met Oly 

295 300 

Met Ala cys Gly Leu Glu Ser Gly Asn Cys fier Ala Glu Asp Leu Lye 
310 315 320 

Val Ala Arg Ser Leu Val Pro Lys Ala Leu Glu Pro Tyr Val Thr Glu 
325 330 335 

Met Ala Cln Gly Ser He Oly Gly Val Phe Val Thr Thr Thr Gly ser 
J *° 3 * s 350 

Thr fier Asn Gly Thr Arg Leu Ser Al. fier Asp Leu Ser Asa Gly Ala 
J " 360 355 

Asp Gly Met Leu Ala Thr Ser ser Asn Gly Ser Gin Tyr Ser Gly ser 
v 375 300 

Ar| val Glu Thr Pro Val Ser Tyr Val Oly Glu Asp Asp Asp Asp Asp 

395 

Asp Asp piie Asn Glu Asn Asp Glu Glu Asp 
<05 410 



Claims 



45 



SO 



(a) the protein of Seq. ID No. 2; or 

(b) an allelic variant or species homologue thereof; or 

(c) a protein capable of forming a complex with the E2F-1 protein which is at least 70% homologous to fa. 
over a region of at least 30 contiguous amino acids; Homologous to (a) 

(d) a fragment of any one of (a) to (c) capable of forming a complex with the E2F-1 
member; or 

(e) a Iragment of any one of (a) to (c) of at least 15 amino acids. 
2. A polypeptide according to claim 1 prepared by recombinant expression. 

3- A polypeptide according to claim 1 or 2 which carries a revealing label and/or is fixed to a solid phase. 
4. A composition comprising a poVpeptide according to claim 1 . 2 or 3 together with a carrier or a diluent. 



protein or related family 



24 



BNSDOCID: <EP__09O5236Al_l > 



EP 0 905 236 A1 



5. A polynucleotide in substantially isolated form which comprises a contiguous sequence of nucleotides which is 
capable of selectively hybridizing to Seq. ID No.1 or to the complement of Seq ID No.1 or encodes a polypeptide 
according to claim 1 . 

5 6. A polynucleotide according to claim 5 which is a DNA polynucleotide and/or wherein the contiguous sequence 
comprises at least 20 nucleotides 

7. A polynucleotide according to claim 6 which comprises Seq. ID No.1 . 

io 8. A double stranded polynucleotide comprising a polynucleotide according to any of claims 5 to 7 and its complement. 

9. A polynucelotide according to any of claims 5 to 8 carrying a revealing label. 

10. A recombinant replicable vector which comprises a polynucleotide according to any one of claims 5 to 9. 

15 

11. A host cell comprising a vector according to claim 7. 

12. A host cell transformed by a recombinant vector according to claim 10 wherein the coding sequence is operably 
linked to a control sequence capable of providing for the expression of the coding sequence by the host cell. 

20 

13. A process for preparing a polypeptide according to claim 1 which comprises cultivating a host cell according to 
claim 1 2 under conditions to provide for expression by the recombinant vector of the coding sequence, and recov- 
ering the expressed polypeptide. 

2£ 14. An antibody capable of binding a polypeptide as defined in claim 1 . 

15. An antibody according to claim 1 4 which is a monoclonal antibody and/or carries a revealing label. 

16. An antibody according to claim 1 4 or 1 5 fixed to a solid phase. 
•17. A hybridoma cell line which produces a monoclonal antibody according to claim 15. 

18. An immunoassay for detecting the presence or absence of a polypeptide according to claim 1 in a sample which 
comprises: 



30 



35 



40 



(a) providing an antibody according to any one of claims 14 to 16; 

(b) incubating the sample with said antibody under conditions that allow for the formation of an antibody- 
antigen complex; and 

(c) detecting said antibody-antigen complex. 

19. A polypeptide according to claim 1, an antibody according to any of claims 14 to 1 6, or a vector according to claim 
10 for use in a method of treatment of the human or animal body. 

20. The use of a polynucleotide according to any of claims 5 to 9, or a vector according to claim 8 or 15, in the man- 
ufacture of a medicament for treating uncontrolled proliferation of cells. 

21. A polypeptide fragment of Seq. ID No.2 which comprises amino acids 160-220 of Seq. ID No.2 or a fragment 
thereof of al least 15 amino acids. 



so 



ss 
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Fig. 11 (a). 
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